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157) ABSTRACT

A standard lead frame has a carrier pierced to produce
an opening sufficiently large to make room therein for
the mounting of a semiconductor circuit chip. A heat
sink for the semiconductor circuit chip is fastened into
position in or just below the opening. The semiconduc-
tor circuit chip is then affixed directly to the heat sink.
After wires have been bonded to connect contact areas
of the chip to the conducting paths on the lead frame
the unit is encapsulated in such a fashion that a major
surface of the heat sink protrudes from the encapsula-
tion. A standard lead frame may be used as the carrier.

4 Claims, 2 Drawing Sheets
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1
ELECITRONIC CIRCUIT COMPONENT WVITH
HEAT SINK MOUNTED ON A LEAD FRAME

This 1s a division of application Ser. No. 07/930,474,

now U.S. Pat. No. 5,202,288, filed Aug. 13, 1992, which

is a file wrapper continuation of Ser. No. 07/709,654,
filed Jun. 3, 1991.

This invention concerns an electronic circuit compo-
nent and a method for producing the same, the elec-
tronic circuit component containing at least one semi-
conductor circuit chip which dissipates a considerable
amount of heat and incorporates a heat conducting
body 1n contact with the chip.

It has long been known to equip electronic power
components with heat sinks in the form of heat conduct-
ing bodies for dissipating heat. These heat sinks are
incorporated in most cases by inserting them into the
casing mold mostly against the chip, as a result of which
they come into heat conducting contact with the chip
only through the mounting surfaces of the lead frames
serving as the carrier. For surface-mountable compo-
nents, it 1s also known to build the side of the casing that
faces away from the circuit board as a heat sink and to
attach cooling brackets to the circuit board. This con-
struction can be accomplished only with correspond-
ingly great utilization of space.

SUMMARY OF THE INVENTION

It is an object of the present invention to avoid the
disadvantages of the known heat sink constructions in
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electronic circuit components which need to dissipate

heat.
Briefly, an opening is pierced in a lead frame suffi-

cient to surround the mounting surface of a chip. A heat.

conducting body is inserted in said opening or just be-
low, but fitting in the lead frame, and then at least one
chip is affixed in direct contact with the heat-conduct-
ing body.

- After connections have been made by bonding wires

to contact areas on the chip and to respective parts of

the lead frame, the chip, its mounting and the surround-
ing area of the lead frame are encapsulated in a suitable
conducting synthetic resin, but preferably a major sur-
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mounted simply by adhesion in the case of a silver sur-
face, by soldering in the case of a nickel surface, or by
eutectic bonding in the case of a gold surface. Encapsu-
lation of the chip can also be carried out advantageously
by standard processes. In this regard molding plastic
around them is particularly suitable. As already men-
tioned, the heat conducting body preferably protrudes
from the encapsulation so-that direct heat coupling to a
suitable cooling medium is possible.

The heat conducting body can advantageously be
made by a block of a copper alloy or of aluminum, so
that the thermal resistance from the chip to a cooling
medium can be kept particularly small. Other measures
provided by the invention for reducing the resistance to
heat dissipation are the insertion of the heat conducting
body in the mounting surfaces of the lead frames and
the direct mounting of the chip on the heat conducting
body. It 1s particularly advantageous that the heat can
be conducted directly through the heat conducting
body that serves as a heat sink and projects out of the
encapsulation Of the chip to a suitable cooling medium.
These advantages are particularly easy to obtain in
surface-mountable power components carried on metal-
core circuit boards, in which case the heat conducting
bodies are put in direct contact with the metal core of
the circuit board by suitable bonding processes with the
circuit board, which then serves the function of a fur-
ther cooling body.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is further described by way illustrative
example with reference to the annexed drawings in
which:

FIGS. 1a, 1), 1c and 1dare median vertical cross-sec-
tions broken-off at left and right, illustrating several
successive steps in the manufacture of an electronic

~ circuit component in accordance with the invention,

40

face of the heat conducting body protrudes outside of 45

the encapsulation.

The invention has the advantage that a wide variety
of electronic circuit components can be used in this way
regardless of whether the components are to be surface-
mounted or should be pressed into receiving openings in
a circuit board and soldered fast to the rear side of the
circuit board. It is particularly advantageous that stan-
dard lead frames can be used as carriers. By the inser-
tion of a heat conducting body in the mounting surface
of the lead frames and by the direct mounting of the
chip on the heat conducting body a particularly good
degree of heat dissipation is obtained.

Piercing of the lead frames for the openings required
by the invention can be done by standard processes,
such as stamping out, etching, and eroding out either
with abrasive or electrode erosion. With the dimension-
ing of the heat conducting-body corresponding to the
opening in the mounting surface of the lead frames it is
possible to connect the heat conducting body with the
lead frame serving as a carrier by standard methods
such as squeezing, cold-welding, adhesive bonding or
soldering. According to the nature of the surface mate-
rial of the heat conducting body the chip can be

50

35

65

FIG. 2 1s a perspective view of the lead frame in
condition shown in FIG. 15 prior to the fastening in the
heat conducting body.

DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

FIG. 1a shows a carrier 10 which is provided by a
single lead frame, .consisting of a frame 11, connection
extensions 12, a mounting surface 13 and connecting
strips 14 which provide a connection between the
mounting surface 13 and the frame 11. A first process
step can already be performed in the manufacture of the
lead frames: piercing an aperture 20 shown pierced in
FIG. 15 in the usual mounting surface 13. This can be
done either by stamping out, etching out, or eroding out
or some other suitable technology.

F1G. 15 shows the lead frame prepared as just men-
tioned and also a heat conducting body 21, of which the
surface 25 1s so dimensioned that it lines up accurately
with the aperture 20. Only peripheral strips 13’ remain
in FI1G. 15 from the mounting surface 13 shown in FIG.
1a. The heat conducting body 21 serving as a heat sink
is made of a block of metal, as already mentioned, and
its thickness is many times that of the thickness of the
lead frame.

Materials suitable for the heat sink 21 are those of
high heat conductivity as for example copper alloys or
aluminum. Since a chip 30 is to be mounted on the
surface 25 of the heat conducting body 21, it can be
advantageous for the better adhesion of the chip to
deposit a silver, nickel, or gold layer by vapor-deposi-
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tion or sputtering on the surface 25 or even some other
material selected for the corresponding mounting pro-
cess.

FIG. 1c shows the lead frame 10 after insertion of the
heat conducting body 21 in the aperture 20. The con-
nection of the heat conducting body 21 with the lead

frame can be performed by squeezing, cold-welding,

adhesive bonding or soldering at suitable locations 22.
According to the nature of the surface 25 of the heat

conducting body 21 the chip 30 can be affixed directly

to the heat conducting body 21 by adhesion in case of a_

silver surface 25, by soldering in the case of a nickel
surface 25 or by eutectic bonding in the case of a gold
surface 25. The invention is not limited to these pro-
cesses but extends to all suitable processes for mounting
chips on heat sinks. The connections of the carriers of
the chip 30 with connection paths on the surrounding
portion of the lead frames can be produced by wire 32
bonded at both ends in the usual way.

FIG. 1d illustrate& the construction after the chip 30,
with its bonding wires 32 connected, has been so encap-
sulated in a mantle material 35 that one side 26 of the
heat conducting body 21 extends out of the encapsula-
tion 35. The surface 26 can now be brought directly into
contact with a suitable cooling body through which the
heat can be dissipated. That way the resistance to heat
disstpation between the chip 30 and the cooling body
can be kept particularly small. For certain applications
air 18 also suitable as a cooling medium and no supple-
mentary cooling body is necessary.

In the example illustrated in FIG. 14 the connection
extensions 12 of the lead frames are bent in a manner
characteristic for a surface-mounted component. The
component of the invention is particularly suitable for
such surface-mounted electronic components for
mounting on metal core circuit boards, in which case
the heat sink 21 can, by a suitable process, be brought

into contact with the metal core of the circuit board

(not shown) that serves as a further cooling body. This
represents a particularly space-saving solution of the
problem of dissipation of heat from power, components
mounted on circuit boards. The process illustrated in
FIGS. 1a to 1d 1s also suited for components which are
pressed through apertures in a circuit board (not
shown) and are then soldered fast to the rear side of the
circuit board.

FIG. 2 shows a standard lead frame as it is stamped
out, In a perspective view provided by an isometric
drawing, also showing the heat conducting carrier body
21 immediately below the aperture in the lead frame
into which it will fit. The strips 14 are bent by a forming
operation so that the strips 13’ take the positions shown
in FIGS. 1a, 15, 1c, and 14.

FIGS. 1, 15, 1c and 1d are cross sections along the
center line 40 of FIG. 2, also after the forming operation
has been performed on the strips 14.

In the case of FIG. 1d the extension 12 of the lead
frame have been bent for the purposes described in
connection with the description of FIG. 1d. Air cooling
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or heat conduction can be provided below the body 21
and conduction of heat through the center of the lead
frame is minimized. The lead frame shown in FIG. 2 has

a large number of tongues 41 which cannot be distin-
guished from the rest of the lead frame in FIGS. 1a, 15,
1c, and 1d. For the connections to a chip 30, as shown
in FIG. 14, bonding wires 32 are used for connecting
the chip 30 o these tongues.
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Although the invention has been described with ref-
erence to a particular illustrative example, it will be
recognized that variations and modificatins are possible
within the inventive concept.

We claim:

1. An electronic circuit component comprising:

a lead frame (11) of sheet metal having a planar top
portion and having, integral therewith, a flat
mounting plate (13) which has an aperture (20)
therein, said aperture being of a contour similar to
that of said mounting plate and being of a size such
that said mounting plate forms a peripheral planar
strip frame (13') surrounding said aperture, said
strip frame being supported in said lead frame by
sheet metal strips (14) of said sheet metal of said
lead frame, said sheet metal strips (14) integrally
joining said strip frame to said lead frame such that
sald strip frame defines a plane parallel to said
planar top portion of said lead frame,

a heat conducting body (21), seated in said aperture
‘and having a top surface (25) parallel to said plane
of said strip frame and parallel to said planar top
portion of said lead frame;

said lead frame having lead connecting portions (41)
extending along said top portion thereof, said lead
connecting portions terminating adjacent to said
strip frame;

said sheet metal strips (14) being integrally joined to
locations of said lead frame which do not have said
lead connecting portions thereon (41); and

at least one semiconductor chip (30) affixed to the top
surface of said heat conducting body (21) for posi-
tioning said at least one semiconductor chip rela-
tive to said lead frame, and for passage of heat from
said at least one semiconductor chip to said heat
conducting body;

said at least one semiconductor chip being connected
to said lead connecting portions by bonding wires
(32) having respective ends bonded to respective
lead connecting portions of said lead frame; and

said at least one semiconductor chip, said bonding
wires, a portion of said lead connecting portions of
said lead frame and a portion of said heat conduct-
ing body being embedded in and encapsulated by
molded electrically non-conducting material.

2. The electronic circuit component of claim 1,
wherein said heat-conducting body is composed of a
substance selected from the group consisting of copper
alloys and aluminum.

3. The electronic circuit component of claim 1,
wherein said heat conducting body has an exposed
major surface (26) which protrudes outside of said
molded non-conductive material.

4. The electronic circuit component of claim 1,
wherein:

said lead connecting portions of said lead frame are
elongated connecting members which have respec-
tive ends adjacent said strip frame, and which ex-
tend in a direction away from said strip frame, said
bonding wires being respectively bonded to said
elongated connecting members and, said elongated
connecting members having outer extremities (12)
which are bent and which extended at substantially
right angles to and in the same direction away from
said planar top portion of said lead frame, for spac-
ing said strip frame from a supporting circuit plate
and for maintaining said strip frame parallel to said
supporting circuit plate, said elongated connecting
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members having respective end portions remote substantially flush with said end portions of said

from said planar top portion of said lead frame : : :
which are directed parallel to said strip frame for elongated connecting members which are provided

surface mounting on said supporting circuit plate: for surface mounting on said supporting circuit
and 5 plate.
an exposed surface of said heat conducting body is L B
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